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Being the fole objed of my inquiries (having no 
favourite theory to defend) it brings no difappoint- 
ment along with it, under whateyer unexpected 
fhape it may appear. I hope that further Experir 
ments may lead to the difcoyery of the caufe why 
there is fo little difference in the conduéting powers 
of air of fach very different degrees of rarity, while 
there is fo great a difference in the conducting 
powers of air, and of the Torricellian vacuum. At 
prefent, I fhall not venture any conje€tures upon 
the fubjeét; but in the mean time I dare to aflert;” 
that the Experiments I have made may be de- 
pended on. 

The time of my ftay at Manheim being expired 
(having had the honour to attend thther-his moft 
Serene Highnefs the Ekeftor Palitine, reigning 
Duke of Bavaria, in his late journey), I was pre- 
vented from purfuing thefe inquiries further at 
that time ; but I fhall not fail to recommence them 
the firft leifure moment I can find, which I fancy 
will be about the beginning of the month of No- 
vember. In the mean time, to enable myfelf to 
purfue them with effeét, I am fparing neither la- 
bour nor expence to provide a complete apparatus 
neceflary for my purpofe; and his EleCtoral High- 
nefs has been gracioufly pleafed to order M. Ar- 
Tara (who is in his fervice)- to come to Munich 
to affift me. With fuch a Patron as his moft Se- 
rene Highnefs, and with fuch an affiftant as Ar- 
TARIA, I fhall go on in my purfuits with chearful- 
nefs. Would to God that my labours might be 
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2% ufpfal to others 2s they will be pleafant to 
a 
I fhall conchade this chapter with a fhort accdunt 
of fome Experiments I have made to determine 
the conduéting powers of water and of mercury 5 
and with a table, fhowing at one view the conduct- 
ing powers of ail the different mediums which I 
have examined. 
; Having filled the glafs globe inclofing the bulb 
‘of the thermometer N° 4, firft with water, and then 
with mercury, I made the following Experiments, 


to afcertain the conducting powers of thofe two 
Fluids. 





(Exp. N° a4, 25, and 26.) 
‘Thermometer N° 4. 
Surrounded by water. Surrounded by merciry. 

Taken out of freeaing water, and| Taken oxt of freezing water, and plinged <i 







(Exp. N° a3. 
‘Ther meter N° 4. 











plunged ixt: beiling water. boiling water. , 





Time elapfed. maze 
acquired, 


‘Time elapfed, Heat acquired. } ————________ 
Ex. N°ag. Ex. N°as, Ex. N°26, 
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The total times of heating from o° to 70° in the 
three Experiments with mercury being 41 feconds, 
863 31 feconds, 
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31 feconds, and.42 feconds, the mean ofsthefe 
times is 36} feconds; and as in the Experiment. 
with water the time employed in acquiring tht 
fame degree of Heat was 1’ 57” = 147 feconds, it 
appears from thefe Experiments, that the conduéts 
ing power of mercury to that cf water, under the 
circumftances defcribed, is as 363. to 117 inverfely, 
or as 3000 to 313, And hence it is plain, why 
mercury appears fo much hotter, and fo much 
colder, to the touch than water, when in fact it is 
of the fame temperature: for the force or violence 
of the fenfation of what appears ot or cold depends 
not entirely upon the temperature of the body ex- 
citing in us thofe fenfations, or upon the degree of 
Heat it a@tually pofieffes, but upon/the “guantity of 
Heat it is capable of communicating to us, or re- 
ceiving from us, in any given fhort period of time, 
or as the intenfity of the communication; and this 
depends in a great meafure upon the conducting 
powers of the bodies in queftion. 

The fenfation excited in us when we touch any 
thing that appears to us to be hot is the entrance 
of Heat into our bodies; that of cold is its exit ; 
and whatever contributes to facilitate or accelerate 
this communication adds to the ylolence of the 
fenfation. And this is another proof that the ther- 
mometer cannot be a juft meafure of the intenfity 
of the fen/ible Heat, or Cold, exifting in bodies ; or 
rather, that the touch does not afford us a juft in- 
dication of their rea/ temperatures. 
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AYVasLe of the connucTine Powers of the under- 
mentioned Meviums as determined by the fore- 
* golng Experiments. 































































Therm. 
vn Thermometer N° 4. 
Taken out of freezing water, and plunged into boiling water. 
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In determining the relative conducting powers 
of thefe mediums, I have compared the times 
of the heating of the thermometers from 0° to 70° 
inftead of taking the whole times from 0° to 80°, 
and this I have done on account of the {mall vari- 
ation in the Heat of the boiling water arifing from 
the variation of the weight of the atmafphere, and 
alfo on account of the very flow motion of the, 
mercury between the 7oth and the 8oth degrees, 


and the difficulty of determining the precife mo- 
CGO4 ment 
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ment when the mercury arrives at the, Both 
degree. 

Taking now the conduéting power of mercuiy 
= 1000, the conduéing powers of the other.mce 
diums, as determined by thefe Experiments, will 
be as follows, viz. 


Mercury - ee 1009 
Moift air - - - 330 


Water : : 313 
Common air, denfity== Bors 
Rarefied air, denfity = : 8005 
Rarefied air, denfity=,, 78 
The Torricellian vacuum . 55 


And in thefe proportions are the quhitities of Heat 
which thefe different mediums are”capable of tran{- 
mitting in any given time; and confequently thele 
numbers exprefs the relative /en/fible temperatures 
of the mediums, as well as their conducting 
powers. How far thefe decifions will hold good 
under a variation of circumftances experiment. 
only can determine. This is certainly a fubjeét 
of inveftigation not lefs curious in itfelf than it 
is interefting to mankind ; and I with that what I 
have done may induce others to turn their atten- 
tion to this long negleéted field of experimental 
inquiry.. For my own part, I am determined not 

to quit it. 
In the future profecution of thefe inquiries, I do 
not mean to confine myfelf folely to the determin- 
mg 
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ing of, the conduéting powers of Fluids; on the 
copirary, folids, and particularly fuch bodies as 
te made ufe of for cloathing, will be principal 
‘PUbjedts of my future Experiments. I have indeed 
already begun thefe refearches, and have made fome 
progrefs in them; but I forbear to anticipate a 
matter which will be the fubject ‘of a future com. 
munication. 
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The relative Warmth of various Subjtances yrs 
in making artificial Cloathing, determined by Ex- 
periment.— Relative Warmth of Coverings of the 
Same Thicknefs, and formed of the fame Subftance, 
but of different Denjities.—Relative Warmth of 
Coverings formed of equal Quantities of the fame 
Subftance, difpofed in different Ways.—Experi- 
ments made with a View to determining how far the 
Power which certain Bodies poffe/s of confining 
Heat depends on their chemical Properties.—Ex- 
periments with Charcoal—with Lampblack—with 
Woodathes—Striking Experiments with Semen 
Lycopodii.— All thefe Experiment indicat? that the 
Air which occupies the Interftices of Subftances 
-ffed in forming Coverings for confining Ieat, aéts a 
very important Part in that Operation. —Thofe Sub- 
frances appear to prevent the Air from conduéting 
the Heat.—An Inquiry concerning the Manner in 
which this is cffected.—This Inquiry leads to & 
decifive Experiment from the Refult of which it 
appears that Air is a perfect Non-conduttor of 
Heat.—This Difcovery affords the Means of ex- 
plaining a Variety of intcrefting Phenomena in the 
Economy of Nature. 


[Read before the Roya Society, January 19, 1792.] 
‘T=, confining and direéting of Heat are objects 
of fuch vaft importance in the ceconomy of 


human life, that I have been induced to confine my 
refearches 


Of the Propagation of Heat, &e, Hah 


tefeazches chiefly to thofe points, conceiving that 
¥ great advantages to mankind could not fail to 
derived from the difeovery of any new fatts re, 
tive to thefe operations. 

Tf the laws of the communication of Heat from 
one body to another were known, meafures might 
be taken with certainty, in all cafes, for confining 
it, and direfting its operations, and this would not 
only be productive uf great ceconomy in the articles 
of fuel and clothing, but would likewife greatly 
—_ the comforts and conveniencies of lifes 
objets of which the philofopher fhould never lofe 
fight. 

‘The route which I have followed in this inquiry 
is that which I thought bid faireft to lead to ufeful 
difcoverics. Witxout embarrafling myfelf with any 
particular theory, I have formed to myfelf a plan of 
experimental inveftigation, which I conceived would 
conduct me to the knowledge of ccrtain facts, of 
which we are now ignorant, or very imperfectly in- 
formed, and with which it is of confequence that 
we fhould be made acquainted. 

The firft great object which I had in view in this 
enquiry was to afcertain, if poflible, the caufe of the 
warmth of certain bodies; or the circumftances 
upon which their power of confining Heat depends. 
‘This, in other words, is no other than to determine 
the caufe of the condu@ing and non-condutting 
power of bodies, with regard to Heat. 

To this end I began by determining by atual 
experiment the relative conducting powers of va 

tious 
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rious: bédies of very differeht matures, both: fluids 
and folids, of fome.of which Experiments I have 
already given an account ini the Paper above men\ 
tioned, which is publifhed m the Tranfactions“Of 
the Royal Society for the year 1786; I hall now, 
taking up the matter where I left it, give the cons 
tinuation of the hiftory of my refearches. 

Having difcovered that the Torricellian vacuum 
is a much worfe conductor of Heat than common 
air, and having afcertajned the relative conducting 
powers of air, of water, and of mercury, wi dif- 
ferent circumftances, I proceeded to examiffe the 
conducting powers of various /olid bodies, and par- 
ticularly of fuch fubftances as are commonly made 
ufe of for clothing. 

The method of making thefe Experiments was as 
follows: a mercurial thermometer, (fee Fig. 4,) 
whofe bulb was about ,%% of an inch in diameter, 
and its tube, about ro inches in length, was fuf- 
pended in the axis of a cylindrical glafs tube, about 
+.of an inch in diameter, ending with a globe 1,% 
inch in diameter, in fuch a manner that the centre 
of the bulb of the thermometer occupied the centre 
of the globe; and the fpace between the internal 
furface of the globe and the furface of the bulb of 
the thermometer being filled with the fubftance 
whofe condu@ting power was to be determined, the 
inftrument was heated in boiling water, and after+ 
wards being plunged into a freezing mixture of 
pounded ice and water, the times of cooling were 


obferved, and noted down, * 
The 
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The tube of the thermometer was divided at 
evgry tenth degree from o°, or the point of freezing, 
1b 80°, that of boiling water, and thefe divifions 
betug marked upon the tube with the point of a 
diamond, and the cylindrical tube being left empty, 
the height of the mercury in the tube of the ther- 
mometer was feen through it. 

The thermometer was confined in its place by 
means. of a ftopple of cork, about 1+ inch long, 
fitted to the mouth of the cylindrical tube, through 
the centre of which ftopple the end of the tube of 
the thermometer paffed, and in which it was ce- 
mented. 

The operation of introducing into the globe the 
fubftances whofe conduting powers are to be de- 
termined, is performed in the following manner ; 
the thermometer being taken out of the cylindri- 
cal tube, about two-thirds of the fubftance which is 
to be the fubje& of the Experiment are introduced 
into the globe; after which, the bulb of the ther- 
mometer is introduced a few inches into the cylin- 
der; and, after it, the remainder of the fubftance 
being placed round about the tube of the thermo- 
meter; and laftly, the thermometer being intro- 
duced farther into the tube, and being brought into. 
its proper place, that part of the fubftance which, 
being introduced laft, remains in the cylindrica? 
tube above the bulb of the thermometer, is pufhed 
down into the globe, and placed equally round 
the bulb of the thermometer by means of a 
brafs wire which is paffed through holes made for 

15 that 
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that purpofe in the ftopple clofing the end of the 
cylindrical tube. 

As this inftrument is calculated merely for meas 
furing the paflage of Heat in the fubftance whefe . 
conducting power is examined, I fhall give it the 
name of paffage-thermometer, and 1 Shall apply the 
fame appellation to all other inftruments conftructed 
upon the fame principles, and for the fame ufe, 
which I may in future have occafion to mention ; — 
and as this inftrument has been fo particularly de- 
feribed, both here, and in my former Paper upon 
‘the fubject of Heat, in {peaking of any others of the 
fame kind in future it will not be neceflary to enter 
into fuch minute details. 1 fhall, therefore, only 
mention their /izes, or the diameters of their bulbs, 
the diameters of their globes, the diameters of their 
cylinders, and the lengths and divifions of their - 
tubes, taking it for granted that this wili be quite 
fufficient to give a clear idea of the inftrument. 

In moft of my former Experiments, in order to 
afcertain the conducting power of any body, the 
Body being introduced into the globe of the paffage- 
thermometer, the inftrument was cooled to the 
temperature of freezing water, after which, being 
taken out of the ice water, it was plunged fuddenly 
into boiling water, and the times of heating from 
ten to ten degrees were obferved and noted; and I 
faid that thefe times were as the conduéting power 
of the body inverfely; but in the Experiments of 
which 1 am now about to give an account, I have 
in general reverfed the operation ; that is to fay, 

inftead 
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inftead of obferving the times of heating, 1 have 
firft heated the body in boiling water,- and then 
plunging it into a mixture of pounded ice and ice. 
2old water, 1 have noted the times taken up incooling. 

have preferred this laft method to the former, 
not only on account of the greater eafe and conveni- 
ence with which a thermometer, plunged into a mix- 
ture of water, may be obferved, than when placed in 
a veffel of boiling water, and furrounded by hot 
fteam, but alfo on account of the greater accuracy 
of the Experiment, the heat of boiling water va- 
rying with the variations of the preffure of the ats 
mofphere: confequently the Experiments made 
upon different days will have different refults, and 
of courfe, ftrictly fpeaking, cannot be compared 
together ; but the temperature of pounded ice and 
water is ever the fame, and of courfe the refults of 
the Experiments are uniform. 

In heating the thermometer, I did not in general 
bring it to the temperature of the boiling water, as 
this temperature, as I have juft obferved, is variable ; 
but when the mercury had attained the 75° of its 
fcale, 1 immediately took it out of the boiling 
water, and plunged it into the ice and water; 
or, which I take to be ftill more accurate, fuffering 
the mercury to rife a degree or two above 75°, and 
then taking it out of the boiling water, I held it 
over the veffel containing the pounded ice and 
water, ready to plunge it into that mixture the mo- 
ment the mercury, defcending, paffes the 75°. 

Having a watch at my ear which beat half fe- 
eonds (which I counted), I noted the time of the 

paflage 
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paffage of the mercury over the divifiont of the 
thermometer, marking 70° and every tenth degyeé 
from it, defcending to 10° of the fcale. I continued 
the cooling to 0°, or the temperature of the ice ear” 
water, in very few inftances, as this took up much 
time, and was attended witk no particular ad- 
vantage, the determination of the times taken up in 
cooling 60 degrees of Reaumur’s fcale, that is to 
fay, from 70° to 10°, being quite fufficient to afcer- 
tain the conducting power of any body whatever. 

* During the time of cooling in ice and water, the 
thermometer was conftantly moved about in this 
mixture from one place to another ; and there was 
always fo much pounded ice mixed with the water, 
that the ice appeared above the furface of the water ; 
the veffel, which was a large earthen jar, being firft 
quite filled with pounded ice, and the water being 
afterwards poured upon it, and frefl: quantities of 
pounded ice being added as the occafion required. 

Having defcribed the apparatus made ufe of in 
thefe Experiments, and the manner of performing 
the different operations, I fhall now proceed to give 
an account of the Experiments themfelves. 

My firft attempt was to difcover the relative con- 
duéting powers of fuch fubftances as are commonly 
made ufe for clothing; accordingly, having pro- 
cured a quantity of raw_fi/k, as fpun by the worm, 
Sheep’s wool, cotton wool, linen in the form of the 
fineft lint, being the fcrapings of very fine Irith 
linen, the fineft part of the fur of the beaver fepa- 
tated from the fkin, and from the long hair, the 
fineft part of the fia of a white Ruffian bare, and 

Eider 
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Eider down ; 1 introduced fucceffively 16 grains in 
weight of cach of thefe fubftances into the globe of 
the paffage-thermometer, and placing it carefully 
"ad equally round the bulb of the thermometer, I 
heated the thermometer in boiling water, as before 
defcribed, and taking it out of the boiling water, 
plunged it inte pounded ice and water, and ob- 
ferved the times of cooling. 

But as the interflices of thefe bodies thus placed. 
“in the globe were filled with air, I firft made the 
Experiment with air alone, and took the refult of 
that Experiment, as a ftandard by which to com. 
pare all the others; the refults of three Experi- 
ments With air were as follows : 





‘The bulb of the thermometer furrounded by air. 











Exp. No. 3 
Heat jot. oe a 
Time Time | 2°99N¢. | Time 
elapfed. | elapfed. elapfed. 
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: The following Table fhows the refults of the 
Experiments, with the various fubftances therein 
mentioned : 










Cotton wool, 
16 grse 


10 
153 | 144 | 146 
385 | 193 | 192 

| 270] 268 
478 | 494] 485 











3 
231 j- 489 | 426 | 378 









[Total times. 











576 | a282 | ri18 | 1056 | 1032 | 1296 |’r315 | 1305 | 





Now the warmth of a body, of its power ta con- 
fine Heat, being as its power of refifting the ‘paflage 
of Heat through it, (which I thal call its non-conduét- 
ing power,) and the time taken up by any body in 
cooling, which is furrounded byany medium through 
which the Heat is obliged to pafs, being, ceteris pa- 
ribus, as the refiftance which the medium oppofes 
to the paflage of the Heat, it appears that the warmth 
of the bodies mentioned in the foregoing Table 
are as the times of cooling ; the conduéling powers 
being inverfely as thofe times, as I have formerly 
fhown. : 

From the refults of the foregoing Experiments 
it appears, that of the feven different fubftances 
made ufe of, hares tur and Eider down were the 

warmett ; 
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warmelt ; after thefe came beavers fur; raw fill’; 
theep's wool; cotton wool ; and laftly, lint, or the 
fcrapings of fine linen ; but I acknowledge that the 
gifferences in the warmth of thefe fubftances wére 
mych Jefs than I expected to have found them. 

Sufpe@ting that this might arife from the vo- 
umes or fold contents of the fubftances being 
differ (though their weights were the fame,) 
arifing frott the ditference of their {pecific gravities 5 
and as it was not eafy to determine the fpecific gra- 
vities of thefe fubftances with accuracy, in order to 
fee how far any known difference in the volume 
or quantity of the fame fubftance, confined always 
in the Te fpace, would add to or diminifh the 
time of coot the apparent warmth of the 
covering, L mads the three following Experi- 
ments. 

In the firft, the bulb of the thermometer was fur- 
rounded by 16 grains of Eider down; in the fe- 
cond by 32 grains; and in the third by 64 grains ; 
and in all thefe Experiments the fubftance was 
made to occupy exattly the fame fpace, viz. the 
whole internal capacity of-the glafs globe, in the 
centre of which the bulb of the thermometer was 
placed; confequently the thicknefs of the covering 
of the thermometer remained the fame, while its 
denfity was varied in proportion to the numbers 
1, 2, and 4. 

The refults of thefe Experiments were as follow z 
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The bulb of the thermometer being furrounded | 
by Eider down. 







Heat lott! | 16 grains. | 32 grains, | 64 grains. 





304 326 
565 658 
1472 | 1615 





Without ftopping at prefent-1o draw any par- 
ticular conclufions from the réfults of thefe Ex- 
periments, I fhall proceed to give an account of 
fome others, which will afford us a little further 
infight into the nature of fome of the circumftances 
upon which the warmth of covering depenis. 

Finding, by the laft Experiments, that the denfity 
of the covering added fo confidcrably to the 
warmth of it, its thicknefs remaining the fame, 
I was now defirous of difcovering how far the inter- 
nal ftruture of it contributed to render it more or 
lefs pervious to Heat, its thicknefs and quantity 
of matter remaining the fame. By internal ftruc- 
ture, I mean the difpofition of the parts of the 
fabftance which forms the covering; thus they 
may be extremely divided, or very fine, as raw 

filk 
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filk kas fpun by the worms, and they may be 
ap diftributed through the whole {pace they 
occupy; or they may be coarfer, or in larger 
mafles, with larger interftices,, as the raveliggs of 
cléth, or cuttings of threads. ‘ 
/ Tf Heat paffed through the fubftances made ufe 
f of for covering, and if the warmth of the covering 
depended folely upon the difficulty which the Heat 
meets With in its paflage through the fubftances, or 
Solid parts, of which they are compofed; in«that 
cafe,. the warmth of covering would be always, 
cateris paribus, as the quantity of materials of 
of which it is compofed; but that this is not the 


cafe, following, as well as the foregoing Expe+ 
riments cltay evince. 7 
Having, in th periment N° 4, afcertained 


the warmth of 16 grains of raw filk, I now re- 
peated the Experiment with the fame quantity, 
or weight, of the ravelings of white taffety, and 
afterwards with a like quantity of common fewing 
filk, cut into lengths of about two inches. 

The following Table fhows the refults of thefe 
three Experiments : 
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| 
| 
Raw Gilk, 16 on! 
| 
Ravelins of taffety, 
16 gis. 














Expae | Exp. ii: 




















94" 99 
110 105 
133 128 
135 172 
273 246 
489 427 
1284 | 1189 








Here, notwithftanding thar ure quantities of the 
filk were the fame in the three Experiments, and 
though in each of them it was made to occupy the 
fame fpace, yet the warmth of the coverings which 
were formed were very different, owing to the dif; 
ferent difpofition of the material. 

The raw filk was very fine, and was very equally 
diftributed through the fpace it occupied, and it 
formed a warm covering. 

The ravelings of taffety were alfo fine, but not 
fo fine as the raw filk, and of courfe the interftices 
between its threads were greater, and it was lefs 

‘ warm; but the cuttings of fewing filk were very 
coarfe, and confequently it was very unequally dif- 
tributed in the.fpace in which it was confined ; and 
it made a very bad covering for confining Heat. 

It 
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It \s clear from the refults of the five laft Experi.’ 
ments, that the air which occupies, the interftices 
of boilies, made ufe of for covering, aéts a very 
imy portant part in the operation of confining Heat ; 
yef I fhall poftpone the examination of that circum- 
fance till I fhall have given an account of feveral 
jother Experiments, whichs I think, will throw ftill 
mlv¥é light upon that fubjec. 

But, before I go any further, I will give an ac+ 
count of three Experiments which I made, or rar 
‘ther the fame Experiment which I repeated three 
times the fame day, in order to fee how far they 
maybe depended on, as being regular in their re- 
fults. 

The sicgnen Bo paflage-thermometer 
being filled with ins of cotton-wool, the ine 
ftrument was heated and cooled three times fuccef- 
fively, when the times of cooling were obferved as 
follows: 





Heat lot | Exp. 16, | Exp. 17. | expe a8, 


7o° | 











60° 82" | 84" 83" 
50? 96 95 95 
40” 118 117 116 
30° { 152 | 153 1st 
20° | 221 221 220 
10° | 380 | 377 377 





Total times.| rogg_{ 1047 | 1042 


The difference of the times of cooling in thefe 
three Experiments were extremely fmmall; but re- 
HH4 gular, 
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guisr.as thefe Experiments appear to haye bien ia 
their refults, they were not more fo than thd ether 
Experiments made in the fame way, many of which 
were repeated two or three titnes, though,. fox the 
fakeeof brevity, Ihave put them down as ile 
Experiments. 

But to proceed in the account of my vega } 
tions relative to the.caufes of the warmtl 
clothing. Having found that the finenef>.:. equal 
diftribution of a body or fubftance made «': of to 
form a covering to confine Heat, cont: putes fo 
much to the warmth of the covering, I was de- 
firous, in the next place to fee the effec of con- 
denfing the covering, its quantity cf matter Te- 

ing the fame, but'its thicknefs beipg-diminifhed 
in ncn et to the increafe (Caetny. 

*The Experiment J made“for this purpofe was as 
follows :—I took 16 grains of common fewing 
filk, neither very fine nor very coarfe, and winding 
it about the bulb of the thermometer in fuch a 
manner that it entirely covered it, and was as 
nearly as pofiible of the fame thicknefs in every 
part, I replaced the thermometer in its cylinder and 
globe, and heating it in boiling water, cooled it in 
ice and water, as in the foregoing Experiments. 
The refults of the Experiment were as may be feen 
in the following Table; and in order that it may 
be compared with thofe made with the fame quan- 
tity of filk differently difpofed. of, I have placed 
thofe Experiments by the fide of it : 









Fine ravelings of 
taffety, 16 grs. 





Total times.| 1214 | 1169 * 








It is not a littl arkable, that, though the 
covering formed of {@wing filk wound round the 
bulb of the thermometer Nhe 19th Experiment, 
appeared to have fo little power of confining the’ 
Heat when the inftrument was very hot, or when 
it was firft plunged into the ice and water, yet af, 
terwards, when the Heat of the thermometer ‘ap-' 
proached much nearer to that of the furrounding 
medium, its power of confining the Heat which re- 
mained in the bulb of the thermometer appeared to 
be even greater than that of the filk in the Experi- 
ment N° 15, the time of cooling from*zo® to 10° 
being in the one 399", and in the other 342”. The 
fame appearance was obferved in the following 
Experiments, in which the bulb of the thermome- 
ter was furrounded by threads of. awool, of cotton, 
and of Jinens or fa%, wound round it, in the like, 
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manne 'as the fewing filk was wound: frown ie in 
the-dait Experiment. 

The following Table fhows’ the jets ‘of thele 
Experiments, with the threads of ;various kind: ; 
and that they may the more eafily be compared 
with thofe made with the fame quantity of the fame 
fubftances in a different form, I have placed the ac- 
counts’ of thefe Experiments by the fide of “each 
other. I have alfo added the accoun: of an Expe- 
riment, in which 16 grains of fine linen cloth were 
wrapped round the bulb of the thermometer, going 
roung it nine times, and being bound together 
at the top and bottom of it, fo as completely to 
cover ft, 
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That thread wound light round the bulb of the 
thérmomteter fhould form a covering lefs. warm 
than the fame quantity of wool, or other raw ma- 

: terials 


tal of which the thread is made, lurrounding* 
the blilb of the thermometer in a more Toole: man. 
ner nd confequently occupying a greater fpace, 
is nO more than what I expegted, from the idea t 
had formed of the caufes of the warmth of cover. 
jag; but 1 confefs I was much furprifed to find 
“that there is {6 great a difference in the relative: 
wath’ of thefe two coverings, when they are em- 
ployed to confine great degrees of Heat, and when 
the Heat they confine is much lefs in proportion to 
the temperature of the furrounding medium, This 
difference was very remarkable; in the Experi- 
“fients with theep’s wool, and with woollen thread, 
the warmth of the covering formed of 16 grains of 
the former, was to that formed of 16 grains of the 
latter, when theDuth_of the thermometer was 
heated to 70° and cra as 79 to 46 (the 
furrounding medium being at 3°); but afterwards, 
when the thermometer had only fallen from 20° to 
10° of Heat, the warmth of the wool was to that 
of the woollen thread only as 426 to 410; and in 
the Experiments with lint, and with linen thread, 
when the Heat was much abated, the covering of 
the thread appeared to be even warmer than thag. 
of the lint, though in the beginning of the Experi- 
ments, when the Heat was much greater, the lint 
‘was warmer than the thread; in the proportion of 
80 to 46. 

From hence it fhould feem that a covering may, 
under certain circumftances, be very good for con 
fining fmall degrees of warmth, which would be 


but, 


as Of the Prophgation of Heat 
but, ery indifferent when made ule of for confining. 
be more intenfe Heat, and vice vera. This, I be- 
lieve, is a new fa&; and, I think the ‘knowl e of 
it mgy lead to further difcoveries relative to the 
caufes of the warmth of covérings, or the manner 
in which Heat makes its paffage through therh, 
But I forbear to enlarge upon this fubject, till 1 
fhall have given an account of feveral other Exp 
timents, which I think throw more light upon it, 
and which will confequently render the inveftiga- 
tion eafier and more fatisfattory. f 

With a view to determine how far the power 
which certain bodies appear to poffefs of confining 
Heat, when made ufe of as covering, depends 
upon the natures of thofe bodies, confidered as 
chymical fubftances, or upca tie chymical prin. 
ciplés of which they. ~<€ compofed, I made the 
following Experiments. 

As charcoal is fuppofed to be compel almoft 
entirely of phlogifton, I thought that, if that prin- 
ciple was the caufe either of the conduéting power, 
or the non-conducting power of the bodies which 
contain it, I fhould difcover .it by making the Ex- 
periment with charcoal, as I had done with various 
other bodies. Accordingly, having filled the globe 
of the paflage thermometer with 176 grains of that 
fubftance in very fine powder, (it having been 
pounded in a mortar, and fifted through a fine 
feve,) the bulb of the thermometer being fur- 
rounded by this powder, the inftrument was heated 
n boiling water, and being afterwards plunged 

into 


into'.a mixture-of . pounded ice and water, the 
times of cooling were obferved as mentioned in the 
following Table. J afterwards repeated the Expe- 
rimént with lampblack, and with very pure and 
very dry wood afhes; the refults of which Experi- 
ments were as under-mentioned : 







The bulb of the thermometer furrounded by 





176 grains off176 grains off195 grains off307 grains 
fine powder} fine powder| lampblack. | pure dry 
of charcoal. of charcoal. wood $. 


Heat loft, 
















[Fxp. No. ag exp. NO. 25 | Exp. No. 26.1Exp. 


























70° = a cae = 
60° 79” gt” 124" 96" 
50° 5b, ot 118 92 
40” 100 109 134 107 
30° 139 ™ 164 136 
20° 1 192, * 237 185 
ro? | 338 328 | So94 git 

Totaltimes.| 949 937_ | ut | 927 





The Experiment No. 25 was fimply a repetition 
of that numbered 24, and was made immediately 
after it; but, in moving the thermometer about in: 
the former Experimént, the powder of charcoak 
which filled the globe was fhaken a little together, 
and to this circumftance I attribute the difference 
in the refults of the two Experiments, 

In the Experiments with lampblack and with 
wood afhes, the times taken up in cooling from 
70° to 60° were greater than thofe employed in 
¢ooling from 60° to 50°; this moft probably pte 
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from-th ‘cOnfiderable ‘quantity of Heat cotitained 
bytthefé fubftances, which was firlf to be difpofed 
of, Before they could receive and communicate to 
the furrounding médium that which was contathed 
by the bulb of.the thermometer. 

The next Experiment I made was with /emen 
ycopodii, commonly called witch-meal, a fubftance 
which poffeffes very extraordinary properties. It is 
almoft impoffible to wet it; a quantity of it trewed 
upon the furface of a bafin of water, not only 
fwims upon the water without being wet, but it 
prevents other bodies from being wet which are 
plunged into the water through it; fo that a piecé 
of money, or other folid body, may be taken from 
the bottom of the bafin by the naked hand, with- 
out wetting the hand; whiiclyis one of the tricks 
commonly fhown by the Zigglers in the country: 
this meal covers the“hand, and defcending along 
with it to the bottom of the bafin, defends it from 
the water. This fubftance has the appearance of 
an exceeding fine, light, and very moveable yellow 
powder, and it is very inflammable ; fo much fo, 
that being blown out of a quill into the flame of a 
candle, it flafhes like gunpowder, and it is made 
ufe of: in this manner in our theatres for imitating 
lightning. 

Conceiving that there muft have been a {trong 
attraGtion between this fubftance and air, and fuf- 
pedting, from fome circumftances attending fome 
of ‘the foregoing Experiments, that the warmth of 


acoverting depends not merely upon the finenefs of 
the 


the fubftance of which the covering is formed, and 
the difpofition of its parts, but that it.arifes in. fome, 
.meafure from a certain attraction between the fub. 
ftance and the air which fills its interftices, .I thought 
that an Experiment with /emen lycopodii might pof- 
fibly throw fome light upon this matter; and in 
this opinion I was not altogether miftaken, as will 
appear by the refults of the three following Expe- 
riments. 










The bulb of the thermometer furrounded by 
256 grs. of femen lycapodii. 
i 













Cooled. | Cooled. Heed. 






Heat loft. |_—___| 
Exp. No 28.\Exp. No. 29. 
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. Inthe laft Experiment (N° 30) the refultof* 
which was fo very extraordinary, the inftrument® 
was copled to o° in thawing ice, after which it was. 
plunged fuddenly into boiling water, where it re-. 
mained til} the inclofed thermometer had acquifed:! 
the Heat of 70°, which took up no leff than 2456* 

_ feconds, or above 40 minutes ; and it had remained 
4 mm 
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“in the BUilitiy water full a minute and an ihalf before 
the*Hercury in the thermometer fhowed the leaft 
figa of rifing. Having:at length been put into mo- ° 
tion, it rofe very rapidly 40 or 50 degrees, after which 
its motion gradually abating becaine fo flow, that 
it took up 1585 feconds, ‘or fomething more than 
26 minutes, in rifing from 60° to 70°, though the 
temperature of the medium in which it was placed 
during the whole of this time was very nearly 80° ; 
the mercury in the barometer ftanding but little 
fhort of 27 Paris inches. 

All the different fubftances which I had yet made 
ufe of in thefe Experiments for furrounding of 
covering the bulb of the thermometer, fluids ex. 
cepted, had, in a greater, or in a lefs degree confined 
the Heat, or prevented its paffing into or out of the 
thermometer fo rapidly 3sit would have done, had 
there been nothing bét air in the glafs globe, in the 
centre of which the bulb of the thermometer was 
fufpended. But the great queftion is, how, or in 
what manner, they produced this effect ? 

-And firft, it was not in confequence of their own 
non-conduéting powers, fimply confidered ; for, if 
infteadgof .peing only bad conduétors of Heat, we 
fuppofe them to have been totally impervious to 
Heat, their volumes or folid contents were fo ex- 
seedingly {mall in proportion to the capacity of the 
globe in which they were placed, that, had they 
had‘no effeét whatever upon the air filling their in- 
terftices; tha®air would have been fufficient to have 
conduéted all the Heat communicated, in lefs time 


than was actually taken up in the Experiment. 
The 
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“The diameter of the globe being 1;6,inches, its 
contents amounted to 2,14464 cubic inches; and 
the contents of the bulb of the thermometer being 
only 0,08711 of a cubic inch, (its diameter: being 
©,55 of an inch,) the {pace between the bulb ofthe 
thermometer and the internal furface of the globe 
amounted to 2,14466—0,08711=2,05755 cubic 
inches; the whole of which fpace was occupied 
by the fubftances by which the bulb of the ther- 
mometer was furrounded in the Experiments in 
queftion. 

But though thefe fubftances occupied this fpace, 
they were far from filling it ; by much the greater 
part of it being filled by the air which occupied the 
interftices of the fubftances in queftion. In the 
Experiment N 4, this {pace was occupied by 16 
grains of raw filk ; and as the fpecific gravity of. raw 
filk is to that of water as 1734 to, 1000, the volume 
of this filk was equal to the volume of 9,4422 
grains of water ; and as 1 cubic inch of water weighs 
253,185 grains, its volume was equal to, ?y.tyrs 
=0.037294 of a cubic inch; and, as the {pace 
it occupied amounted to 2,05755 cubic inches, it 
appears that the filk filled no more than about +‘, 
part of the {pace in which it was confined, the 
reft of that {pace being filled with air. 

In the Experiment N° 1, when the fpace between 
the bulb of the thermometer and the glafs globe, 
in the centre of which it was confined, was filled 
with nothing but air; the time taken 9 by the 
thermometer in cooling from 70* to*10° was 
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case Of the Pripagationef Heat, 
76:feconds; but in’the Experiment N*.4, when 
‘this fame {pace was filled-with 54 parts air, and 
1 part raw filk, the time of cooling was 1284 fe~ 
conds. 

Now, fuppofing that the filk had been totally in- 
capable of conduéting any Heat at all, if we fuppofe, 
at the fame time, that it had no power to prevent 
the air remaining in the globe from conducting it, 
in that cafe its prefence in the globe ceuld only have 
prolonged the time of cooling in proportion to the 
quantity of the air it had difplaced to the quantity 
remaining, that is to fay, as 1 is to 54, or a little 
more than ro feconds. But the time of cooling 
was actually prolonged 708 feconds (for in ‘the 
Experiment N° 1, it was 576 feconds, and in the Ex- 
periment Ne 4, it was 1284 feconds, as has juft 
been obferved); and this fhows, that the filk not 
only did not copduét the Heat itfelf, but that it pre- 
vented the air by which its interftices were filled 
from condutting it ; or, at leaft, it greatly weakened 
its power of conduéting it. 

The next queftion which, arifes is, how air can 
fe peo from conduéting Heat? and this 

ffarily involves another, which is, how does 

air conduct Heat? 
. If air conduéted Heat, as it is probable that the 
metals and water, and all other folid bodies and 
unelattic fluids conduét it, that is to fay, if its par- 
ticles remaining in their places, the Heat palfed 
rom one particle to another, through’ the whole 
mats, 


amafs, ag there-is no reafon to fuppofe that the pro- 
pagation of Heat is neceffarily in right lines, I can-- 
not conceive how the interpofition of fo fmall a 
quantity of any folid body as +, part of the volume 
of the air could have effeéted fo remarkaBle “a 
dimimution of the condudting power of ,the air, 
as appeared in the Experiment (N° 4) with ‘raw 
filk, above mentioned. 

If air and water conduéted Heat in the fitie 
manner, it is more than probable that their con- 
duéting powers might be impaired by the fame 
means; but when I made the Experiment with 
water, by filling the glafs globe, in the centre of 
which the bulb of the thermometer was fufpended, 
with that fluid, and afterwards varied the Experi- 
ment, by adding 16 grains of raw -filk to the 
water, I did not find that the conducting. power 
of the water was fenfibly impaired by the prefence 
of the filk *. 

But we have juft feen that the fame filk, mixed 
with an equal volume of air, diminifhed its.con- 
duéting- power in a very remarkable degree; con- 
fequently, there is great reafon to conclude that 
water and air conduét Heat in a different maungr. 

But the following Experiment, I think, puts 
the matter beyond all doubt. 


© The Experiment here mentioned was made in the year 19895 
byt the refult of a more careful inveftigation of the fubje& has fince 
fhowa that Heat is not propagated in water in the manger here 
foppoled, (See Effay VII.) 
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Tt. is well known, that the power which air 
pofleffes of holding water in folution ia augmented 
by Heat, and diminithed by cold, and that, if hot 
air is faturated with water, and if this air is after- 
warts cooled, a part of its water is neceflarily de- 
pofed. 

I took a cylindrical bottle of very clear tranf-, 
parent glafs, about 8 inches in diameter, and 12 
inches high, with a fhort and narrow neck, and 
fufpending a {mall piece of linen rag, moderately 
wet, in the middle of it, I plunged it into a large 
veflel of water, warmed to about 100° of Fahren- 
heit’s thermometer, ‘where I fuffered it to remairt 
till the contained air was not only warm, but tho- 
roughly faturated with the moifture which it at:ra&t- 
ed from the linen rag, the mouth of the bottle being 
well ftopped up during this time with a good cork; 
this being done, I removed the cork for a moment, 
to take away the linen rag, and ftopping up the 
bottle again immediately, I took it out of the warm 
water, and plunged it into a large cylindrical jar, 
about 12 inches in diameter, and 16 inches high, 
containing juft fo much ice-cold water, that, when 
the:bottle was plunged into it, and quite covered 
by. it, the jar was quite full. 

As the jar was of very fine tranfparent glafs, as 
well as the bottle, and as the cold water contained 
in the jar was perfectly clear, I could fee what 
paffed in the bottle moft diftin@ly; and having 
taken care to place the jar upon a table near the 

window, 


windoW, in 2 very favourable light, I fet'myfelf to 
obferve the appearances which fhould take place, 
with all that anxious expeCtation which a conviétion 
that the refult of the Experiment muft be decifive, 
naturally infpired. 

I was certain, that the air contained in the bottle 
could not part with its Heat, without at the fame’ 
time, that is to fay, at the fame moment, and in the 
fame place, parting with a portion of its water ; if, 
therefore, the Heat penetrated the mafé of air from 
the centre to the furface, or pafféd through it from 
particle to particle, in the fame manner as it is pro- 

~bable that it paffes through water, and all other 
unelaftic fluids *, by far the greateft part of the air 
contained in the bottle would part with its Heat, 
when not adtually in conta with the glafs, anda 
proportional part of its water being let fall at the 
fame time, and in the fame place, would neceffarily 
defcend-in the form of rain; and, though this rain 
might be too fine to be vifible in its defcent, yet I 
was fure I fhould-find it at the bottom of the bottle, 
if not in vifible drops of water, yet in that kind of 
cloudy covering which cold glafs acquires from a 
contact with hot fteam or watery vapour. = “> 

But if the particles of air, inftead of communi- 
cating their Heat from one to another, from the 
centre to the furface of the bottle, each in its turn, 
and for itfelf, came to the furface of the bottle, and 


* This opinion refpe&ing the manner in which Heat is propagated 
in water, and otber unglaitic fluids, was afterwards found to be errg- 
neous, as bas been fhown in the preceding Eflay. 
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there depofited its Heat’and its water, I coucluded 
that the cloudinefs occafioned by this depofit of 
water would appear all.over the bottle, or, at leaft, 
not more of it at the bottom than at the fides, 
but ‘rather lefs; and this I found to be the cafe 
in fact. 

The cloudinefs firft made its appearance upon 
the fides of the bottle, near the top of it; and 
from thence it gradually fpread itfelf dewnwards, 
till, growing fainter as it defcended lower, it was 
hardly vifible at the diftance of half an inch from 
the bottom of the bottle; and upon the bottom 
itfelf, which was nearly flat, there was {carcely the 
fmalleft appearance of cloudinefs. 

Thefe appearances, I think, are eafy to be ac- 
counted for. The air immediately in contaét with 
the glafs being cooled, and having depofited a part 
of its water upon the furface of the glafs, et the 
fame time that it communicates to it its Heat, 
flides downwards by the fides of the bottle in con- 
fequence of its increafed {pecific gravity, and, 
taking its place at the bottom of the bottle, forces 
the whole ma{s of hot air upwards; which, in its 
turn coming to the fides of the bottle, #here de~ 
pofits its Heat and its water, and afterwards bend- 
ing its courfe downwards, this circulation is con. 
tinued till all the air in the bottle has acquired the 
¢xact temperature of the water in the jar. 

From hence it is clear why the firft appearance 
of condenfed vapour is near the top of the bottle, 
as alfo why the greateft collection of vapour is in 

that 


tiiaf pert, and that fo very fmall a quantity of it is’ 
found n@arer the bottom of the bottle. 

This Experiment confirmed me in an opinion 
which I had for fome time éntertained, that, though 
the particles of air individually, or each for %tfelf, 
are capable of receiving and tran/porting Heat, yet 
air in a quiefcent ftate, or asa fluid whofe parts are 
at reft with refpeét to each other, is not capable of 
condydtipg i it, or giving it a paflage; in fhort, that 
Heat is incapable of paffing through a mafs of air, 
penetrating from one particle of it to another, and 
that it is to this circumftance that its non-conduét- 
ing power is-principally owing. 

It is alfo to this circumftance, in a great meafure, 
that it is owing that its non-conducting power, or 
its apparent warmth when employed as a covering 
for confining Heat, is fo remarkably increafed upon 
its being mixed with a fmall quantity of any very 
fine, light, folid fubftance, fuch as the raw filk, 
fur, Eider down, &c. in the foregoing Experi- 
ments: for as I have already obferved, though 
thefe fubftances, in the very {mall quantities in 
which they were made ufe of, could hardly have 
prevented, in any confiderable degree, the air from 
condutting, or giving a paffage to the Heat, had it 
been capable of pailing through it, yet they might 
very much impede it in the operation of tranfport- 
ing it. 

But there is another circumftance which it is 
neceflary to take into the account, and that is the 
attraction which fubfifts between air and the bodies 
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above-rhentioned, and other like fubftattces_ contti- 
tuting natural and artificial clothing. Por, though 
the incapacity of air to give a paflage to Heat in the 
manner folid bodies permit it to pafs through them, 
may ‘enable us to account for its warmth under cer- 
tain circumftances, yet the bare admiffion of this 
principle does not feem to be fufficient to account 
for the very extraordinary degrees of warmth which 
we find in furs and in feathers, and in varweeiher 
kinds of natural and artificial clothing ; nor even 
that which we find in {now ; for if we fuppofe the 
particles of air to be at liberty to carry of the Heat 
which thefe bodies are meant to confine, without 
any other obftruétion or hindrance than that arifing 
from their vis inertia, or the force neceflary to put 
them in motion, it feems probable that the fuccef- 
fion of frefh particles of cold air, and the confe- 
quent lofs of Heat, would be much more rapid 
than we find it to be in fa&t. 

That an attraétion, and a very ftrong one, ac- 
tually fubfifts between the particles of air, and the 
fine hair or furs of beafts, the feathers of birds, 
wool, &c. appears by the obftinacy with which 
thefe fubftances retain the air which adheres to 
them, -even when immerfed in water, and put 
under the receiver of an air-pump; and that this 
attraction is effential to the warmth of thefe bodies, 
I think is very eafy ta be demonftrated. 

In furs, for inftance, the attraction between the 
particles of air, and the fine hairs in which it is 
concealed, being greater than the increafed elaf- 

ticity, 


in’ variant Sab farices. Re 
ticity, ‘ex tepulfion of thofe particles with’ regard 
to each other, arifing ‘from the Heat communicated 
to them by the animal body, the air in the fur, 
though heated, is not eafily difplaced; and this 
coat of confined air is the real barrier which de- 
fends the animal body from the external cold. 
This air cannot carry off the Heat of, the animal, 
becaufe it is itfelf confined, by its attra€tion to the 
Vatt"tr-fut , and it tranfmits it with great difficulty, 
if it tranfmits at all, as has been abundantly fhewn 
by the foregoing Experiments. 
Hence it appears why thofe furs which are the 
- fineft, longeft, and thickeft, are likewife the warm- 
eft; and how the furs of the beaver, of the otter, 
and of other like quadrupeds which live much in 
water, and the feathers of water-fowls, are able to 
confine the Heat of thofe animals in winter, not- 
withftanding the extreme coldnefs and great con- 
duéting power of the water in which they fwim. 
The attraction between thefe fubftances, and the 
air which occupies their interftices, is fo great, that 
this air is not diflodged even by the conta& of 
water, but remajning in its place, it defends the 
body of the animal at the fame time from being 
wet, and from being robbed of its Heat by the fur- 
rounding cold fluid; and it is poffible that the 
preflure of this fluid upon the covering of air con- 
fined in the interftices of the fur, or feathers, may 
at the fame time increafe its warmth, or non-con- 
duéting power, in fuch a manner that the animal 
May not, in fa€t, lofe more Heat when in water, than 
when 
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when, in air: for we have feen by the foregoing 
Experiments, that, under certain circeanftances, 
the warmth of a covering is increafed, by bringing 
its component parts nearer together, or by in- 
creafing its denfity even at the expence of its thick- 
nefs, But this point will be further inveftigated 
hereafter. 

Bears, wolves, foxes, hares, and other like ° 
quadrupeds, inhabitants of cold coungrits.artieh 
do not often take the water, have their fur much” 
thicker upon their backs than upon their bellies. 
The heated air occupying the interftices of the 
hairs of the animal tending naturally to rife up- 
wards, in confequence of its increafed elafticity, 
would efcape with much greater eafe from the 
backs of quadrupeds than from their bellies, had 
not Providence wifely guarded againft this evil by 
increafing the obftructions in thofe parts, which 
entangle it and confine it to the body of the animal. 
And this, I think, amounts almoft to a proof of 
the principles affumed relative to the manner in 
which Heat is carried off by air, and the caufes of 
the non-conduéting power of air, or its apparent 
warmth, when, being combined with other bodies, 
it a€ts as a'covering for confining Heat. 

The fnows which cover the furface of the earth 
in winter, in high latitudes, are doubtlefs defigned 
by an all-provident Creator as a garment to defend 
it againft the piercing winds trom the polar regions, 
which prevail during the cold feafon, 

Thefe 


Thefe winds, notwith{tanding the vaft trates or 
continenPover which they blow, retain their tharp. 
nefs as Jong as the ground they pafs over is covered 
with fnow ; and it is not till meeting with. the 
ocean they acquire, from a contaét with its waters, 
the Heat which the fnows prevent their acquiring 
from the earth, that the edge of their coldnefs is 
taken off, and they gradually die away and are 

The winds are always found to be much colder 
when the ground is covered with fnow than when 
it is bare, and this extraordinary coldnefs is vul- 
garly fuppofed to be communicated to the air by 
the fnow; but this is an erroneous opinion; for 
thefe winds are in general much colder than the 
{now itfelf. 

They retain their coldnefs, becaufe the fnow pre- 
vents them from being warmed at the expence of 
the earth; and this is a ftriking proof of the ufe of 
the fnows in preferving the Heat of the earth du- 
ring the winter in cold latitudes. 

It is remarkable that thefe winds feldom blow 
from the poles dire€tly towards the equator, but 
from the land towards the fea. Upon the eaftern 
coaft of North America the cold winds come from 
the north-weft; but upon the weftern coait of 
Europe they blow from the north-caft. 

That they fhould blow towards thofe parts where 
they can moft eafily acquire the Heat they are in 
fearch of, is not extraordinary; and that they 
fhould gradually ceaie and die away, upon being 

warmed 
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‘warmed’ by a contaé with the waters of the feean, 
is, likewife agreeable to the nature and “caufes of 
their motion ; and if I might be allowed a conjec- 
ture refpedting the principal ufe of the feas, or the 

reaforl why the proportion of water upon the fur- 
face of our globe is fo great, compared to that of 
the land, it is to maintain a more equal temperature 
in the different climates, by heating or cooling the 
winds which at certain periods blow from 
continents. 

That cold winds aétually grow much milder 
upon paffing over the. fea, and that hot winds are 
refrefhed by a contaét with its waters, is very cer- 
tain; and it is equally certain that the winds from 
the ocean are, in all climates, much more temperate 
than thofe which blow from the land. 

In the iflands of Great Britain and Ireland, these 
is not the leaft doubt but the great mildnefs of the 
climate is entirely owing to their feparation from 
the neighbouring continent by fo large a tract of 
fea; and in all fimilar fituations, in every part of 
the globe, fimilar caufes are found to produce 
fimilar effects. 

The cold north-weft winds, which prevail upon 
-the coaft of North America during the winter, fel-, 
dom extend above 100 leagues from the fhore, and 
they are always found to be lefs violent, and lefs 
piercing, as they are further from the land. 

Thefe periodical winds from the continents of 
Europe and North America prevail moft towards 
the end of the month of February, and in the month 

of 
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of March; and I conceive that they contribute’ 
very effenitially towards bringing on an early fpring, 
and a fruitful fummer, particularly when they are 
very violent in the month of March, and if at that 
time the ground is well covered with fnow. » The 
whole atmofphere of the polar regions being, as it 
were, tranfported into the ocean by thefe winds, is 
there warmed and faturated with water: and, a 
gvest.ac-umulation of air upon the fea being the 
‘neceflary confequence of the long continuance of 
thefe cold winds from the fhore, upon their ceafing 
the warm breezes from the fea neceffarily come 
mence, and, fpreading themfelves upon the land 
far and wide, affift the returning fun in difmantling 
the earth of the remains of her winter garment, 
and in bringing forward into life all the manifold 
beauties of the new-born. year. 

‘Lhis warmed air which comes in from the fea, 
having acquired its Heat from a contact with the 
ocean, is, of courfe, faturated with water; and 
hence the warm fhowers of April and May, fo 
neceflary to a fruitful feafon. 

‘The ocean may be confidered as the great refer- 
voir and equalizer of Heat; and its benign influe 
ences in preferving a proper temperature in the 
atmofphere operate in all feafons and in all cli- 
mates. 

The parching winds from the land under jhe 

. torrid zone are cooled by a contaét with its waters, 
and, in return, the breezes from the fea, which at 
certain hours of the day come in to the thores in 
almoft all hot sana bring with them refreth. 

ment, 
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ment, and, as it were, new life and vigour both to 
the animal and vegetable creation, faifiting and 
nielting under the exceffive Heats of a burning 
fun. What a vaft traét of country, now the moft 
fertile upon the face of the globe,’ would be abfo- 
Iutely barren and ‘uninhabitable on account of the 
exceffive Heat, were it not for thefe refrefhing 
fea-breezes! And is it not more than probable, 
that the extremes of heat and of cold . 
ferent feafons in the temperate and frigid zones 
would be quite intolerable, were it not for the in- 
fluence of the ocean in preferving an equability of 
temperature? 

And to thefe purpofes the ocean is wonderfully 
well adapted not only on account of the great 
power of water to abforb Heat, and the vait depth 
and extent of the differént feas (which are fuch 
that one fummer or one winter could hardly be 
fuppofed to have any fenfible effect in heating or 
cooling this enormous mafs); but alfo on account 
of the continual circulation which is carried on in 
the ocean itlelf, by means of the currents which 
prevail in it. The waters under the torrid zone 
being carried by thefe currents towards the polar 
regions, are there cooled by a conta& with the 
cold winds, and, having thus communicated their 
Heat to thefe inhofpitable regions, return towards 
the equator, carrying with them refrefhment for 
thofe parching climates. 

The wifdom and goodnefs of Providence have 
often been called in queftion with regard to the 


diftribution of land and water upon the furface of 
our 


in various Subjtances. 465 


our globe, the vaft extent of the ocean having 
been confidered as a proof of the little regard that 
has been paid to man in this diftribution.. But, 
the more light we acquire refpetting the real con- 
ftitution of things, and the various ufes 6f the 
different parts of the vifible creation, the lefs we 


thall be difpofed to indulge ourfelves in fuch frivo- 
lous criticifms. 


END OF THE EIGHTH ESSAY. 
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ESSAY Ix. 


An Inquiry concerning the Source of the 
Heart which is excirep by FricT1oNn 


[Read before the Rovat Society, January 25, 1798.) 


T trequently happens, that in the ordinary affairs 
and occupations of life, opportunities prefent 
themfelves of contemplating fome of the mott 
curious operations of Nature ; and very inter 
philofophical experiments might often be made, 
moft without trouble or expence, by means of mas 
chinery contrived for the mere mechanical purpofes 
of the arts and manufaétures: 
T have frequently had oceafion- to make this obs, 
fervation ; 3 and am perfuaded, that.a.habit of ae 
ing the eyes open to every thing: that is goin 
in the ordinary courfe of the bufinefs' of life’ * 
oftener led, as it were by aecident, or in the play- 
ful excurfions of the imagination, put into ation: 
by contemplating the moft common appegrances, to: 
ufeful doubts, and fenfible fchemes for inveftigation 
KK 2 and 
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and improvement, than all the more intenfe medi- 
tations of philofophers, in the hours exprefsly fet 
apart for ftudy. 

It was by accident that I was led to make the Ex- 
perinients of which ] am about to give an account ; 
and, though they are not perhaps of fufficient im, 
portance to merit fo formal an introduétion, I can- 
not help flattering myfelf that they will be thought 
curious in feveral refpeéts, and worthy of the honour 
of being made known to the Royal Society. 

Being engaged, lately, in fuperintending the bor- 
ing of cannon, in the workthops of the military arfe- 
nal at Munich, I was ftruck with the very confider- 
able degree of Heat which a brafs gun acquires, in 
a fhort time, in being bored; and with the {till 
more intenfe Heat (much greater than that of boil- 
ing water, as I found by experiment) of the metal- 
lic chips feparated from it by the borer. 

The more I meditated on thefe phenomena, the 
more they appeared to me to be curious and inte- 
refting.. A thorough inveftigation of them feemed 
even to bid fair to give a farther infight into the 
hidden nature of Heat; and to enable us to form 
fome reafonable conjectures refpeéting the exiftence, 
or non-exiftence, of an igneous fluid: a fubject on 
which the opinions of philofophers have, in all ages, 
been much divided. 

In order that the Society may have clear and 
diftin& ideas of the fpeculations and reafonings to 
which thefe appearances gave rife in my mind, and 
alfo of the fpecific obje&ts of philofophical invetti- 

gation 
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gation they fuggefted to me, I muft beg leave 
to ftate them at fome length, and in fuch man 
ner as I fhall think belt fuited to anfwer this 
purpofe. 

From whence comes the Heat a€tually produced in 
the mechanical operation above mentioned ? 

Is it furnithed by the metallic chips which are 
feparated by the borer from the folid mafs of 
metal ? ‘ 

If this were the cafe, then, according to the 
modern doétrines of latent Heat, and of caloric, 
the capacity for Heat of the parts of the metal, fo 
reduced to chips, ought not only to be changed, 
but the change undergone by them fhould be 
fufficiently great to account for a// the Heat pro- 
duced. 

" But no fuch change had taken place; for I 
found, upon taking equal quantities, by weight, 
of thefe chips, and of thin flips of the fame block 
of metal feparated by means of a fine faw, and puts} 
ting them, at the fame temperature, (that of boiling 
water,) into equal quantities of cold water, (that 
is to fay, at the temperature of 59°; F.) the portion 
of water into which the chips were put was not; to 
all appearance, heated either lefs or more than the 
other portion, in which the flips of metal were 
put. 

This Experiment being repeated feveral times, 
the refults were always fo nearly the fame, that I 
could not determine whether any, or what change, 
had been produced in the metal, in regard to its 

KEK3 capacity 
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capacity for Heat, by being reduced to chips by the 
borer * , 


’ From hence it is evident, that the Heat produced 
could,not poffibly have“been furnifhed at the ex- 
pence of the latent Heat of the metallic chips. But, 
not being willing to reft fatisfied with thefe trials, 
however conclufive they appeared to me to be, I 
had recourfe to the following {till more decifive Ex- 


periment : . 
Taking a cannon, (a brafs fix-pounder,) ca 
folid, and rough as it came from the foundry, (fee 
Fig. 1. Tab. IV.) arid fixing it (horizontally) in 


© As thefe Experiments are important, it may perhaps be sgreeable 
to the Society to be made acquainted with them in their detai!s. 

_One of them was as follows : : 

To 4590 grains of water, at the temperature of 59° F. (an ellow- 

“ance as comp-nfation, reckoried in water, for the capacity for Heat of 
the containing cylindrical tin veff:l, being included) were addec 
1016 grains of gun-metal in thin flips, feparated from the gun by 
means of a fine faw, being at the temperature of 210°F, When 
they had remained together 1 minute, and bad been well ftirred abovt, 
by.means of a fmall rod of light wood, the Heat of the mixture wae 
found to be = 63°. 

From this Experiment, the (scife Heat of the metal, calculated ac~ 
cording to the rule given by Dr. CRAWFORD, turns out to be 
0.1100, that of water being = 1.0000. 

An Experiment was afterwards made with the metallic chips, as 
follows : 

To the fame quantity of water as was ufed in the Experiment above 
mentioned, at the fame temperature, (viz. 5993,) and in the fame 
eylindrical tin veffel, were now put 1016} grains of metallic chips of 
gun-metal, bored out of the fame gun from which the flips ufed in 
the foregoing Experiment were taken, and at the fame temperature 
(at0°), The Heat of the mixture, at the end of x minute, was ju 
63°, a8 before; confequently the {pecific’ Heat of thefe metallic chips 
was 0.1100. Each of the above Experiments was repeated three 
times, and always with nearly the fame refuits. 
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the machine wled for boring, and at the fame time’ 
finifhing the outfide of the cannon by turning, (fee 
Fig. 2.) I caufed its extremity to be cut off; and, 
by turning down the metal in that part, a folid J 
linder was formed, 7} inches in diameter, and Ors 
inches long ; which, when finifhed, remained joined 
to the reft of the metal (that which, properly fpeak- 
ing, conftituted the cannon) by a fmall cylindrical 
neck, only 25 inches in diameter, and 3,'- inthe 
long. 

This fhort cylinder, which was fupported in its 
horizontal pofition, and turned round its axis, by 
means of the neck by which it remained united to 
the cannon, was now bored with the horizontal 
~ {borer ufed in boring cannon; but its bore, which 
was 3.7 inches in diameter, inftead of being cons 
‘tinued through its whole length (9.8 inches) was 
only 7.2 inches in length; fo that a folid bottom 

was left to this hollow cylinder, which bottom was 
2.6 inches in thicknefs. 

This cavity is reprefented by dotted lines in 
Fig. 2; as alfo in Fig. 3. where the cylinder is 
reprefented on an enlarged fcale. 

This cylinder being defigned for the exprefs 
purpofe of generating Heat dy friction, by having a 
blunt borer forced againft its folid bottom at the 
fame time that it fhould be turned rqund its axis by 
the force of horfes, in order that the Heat accumu- 
lated in the cylinder might from time to time be 
meafured, a {mall round hole, (fee d, ¢, Fig. 3-) © +37 
ef an inch only in diameter, and 4.2 inches in 


KK 4 depth, 
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‘Gepth,, for the purpofe of introducing a fmall cy- 


‘ical mercuria] thermometer, was made in it, 
og one fide, in a direétion perpendicular to the axis 
of the cylinder, and ending in the middle of the 
folid pirt of the metal which formed the bottom of 
its bore. 

The folid contents of this hollow cylinder, ex- 
clufive of the cylindrical neck by which it remained 
united to the cannon, were 385: cubic inches, 
Englith meafure ; and it weighed 113.131b. Avoir- 
dupois: as I found, on weighing it at the end of 
the courfe of Experiments made with it, and after 
it had been feparated from the cannon with which, 
during the Experiments, it remained connected*. 


Experiment, N° 1. 
* This Experiment was made in order to afcertain 
how much Heat was atually generated by friction, 
when a blunt fteel borer being fo forcibly fhoved 
(by means of a ftrong fcrew) againft the bottom of 





© For fear I thould be fufpetted of prodigality in the profecution 
of my philofophical refearches, I think it neceffary to inform the 
Society, that the cannon I made ufe of in this Experiment was not 
facrificed to it, The fhort hollow cylinder which was formed at the 
end of it, was tugned out of a cylindrical mafs of metal, about 2 feet 
in length, proje€ting beygnd the muzzle of the gun, called in the 
German language the verlorner bop’, (the head of the cannon to be 
thrown away,) and which is reprelented in Fig. 1. 

This original projegtion, which is cut off before the gun is hored, is 
always caft with it, in order that, by means of the preffure of its 
weight on the metal in the lower part ot the mould, during the time 
it is cooling, the gun may be the more compaé in the neighbour- 
hood of the muzzle; where, without this precaution, the metal 
would be apt to be porous, or full of honeycumbs. 








the 
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athe bore of the cylinder, that the preffure againft 
it was equal to the weight of about 1cooo lb. 
Avoirdupois, the cylinder was turned round on,its 
axis (by the force of horfes) at the rate of about 
32 times in a minute. 

This machinery, as it was put together for the 
Experiment, is reprefented by Fig. 2. W isa 
ftrong horizontal iron bar, connetted with proper 
machinery carried round by horfes, by means of 
which the cannon was made to turn round it axis. 

To prevent, as far as poffible, the lofs of any 
part of the Heat that was generated in the Experi- 
ment, the cylinder was well covered up with a fit 
coating of thick and warm flannel, which was care- 
fully wrapped round it, and defended it on every 
thde from the cold air of the atmofphere. This. 
yovering is not reprefented in the drawing of the 
/apparatus, Fig. 2. 

1 ought to mention, that the borer was a flat 
piece of hardened fteel, 0.63 of an inch thick, 4 
inches ‘long, and nearly as wide as the cavity of 
the bore of the cylinder, namely, 3% inches. Its 
corners were rounded off at its end, fo as to make 
it fit the hollow bottom of the bore ; and it was 
firmly faftened to the iron bar (m) which kept it 
in its place. The area of the furface by which its 
end was in contaét with the bottom of the bore of 
the cylinder was nearly 2} inches. This borer, 
which is diftinguithed by the letter 7, is reprefented 
in moft of the figures. 


At 


476 Inquiry concerning the Source of 


At the beginning of the Experiment, the tempe- 
rature of the air in the fhade, as alfo that of the 
cylinder, was juft 60° F. 

At the end of 30 minutes, when the cylinder 
had made 960 revolutions about its axis, the horfes 
being ftopped, a cylindrical mercurial thermometer, 
whofe bulb was ,2, of an inch in diameter, and 
3% inches in length, was introduced into the hole 
made to receive it, in the fide of the cylinder, 
when the mercury rofe almoft inftantly to 130°. 

Though the Heat could not be fuppofed to be 
quite equally diftributed in every part of the cy- 
linder, yet, as the length of the bulb of the ther- 
mometer was fuch that it extended from the axis 
ef the cylinder to near its furface, the Heat indi, 
cated by it could not be very different from that of 
the mean temperature of the cylinder ; and 1t was on, 
this account that 2 thermometer of that particular’ 
form was chofen for this Experiment. 

To fee how faft the Heat efcaped out of the cy- 
Tinder, (in order to be able to make a probable con- 
jecture refpeéting the quantity given off by it, dur- 
ing the time the Heat generated by the friction was 
accumulating,) the machinery ftanding ftill, I fuf 
fered the thermometer to remain in its place near 
three quarters of an hour, obferving aud noting 
down, at {mall intervals of time, the height of the 
femperature indicated by it. 


Thus, 
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‘The Heat, as thown by 
Thus, at the end of ig iacenyetgacd 
4minutes - - - = = 426% 


after 5 minutes, always reckon- ° 
ing from the firft ob- 























fervation, - - - = 125° 

at the end of 7 minutes - - - - - 123° 
12 > = + + = 120? 
14 - 5 + = + 119? 
16———  - - - - = 118° 
20 ne 21° 
24 ee 22. 
28 - 2 eee ge? 
gI——— te tt tt? 
34 - 2 2 2 2) 112? 
37% Ce © © of 


and when 41 minutes had elapfed 


T1Q” 


«Having taken away the borer, I now removed 
the metallic duft, or rather fcaly matter, which 
had been detached:from the bottom of the cylinder 
by the blunt fteel borer, in this Experiment ; and, 
having carefully weighed it, I found its weight to 
be 837 grains Troy. 

Is it pofible that the very confiderable quantity 
of Heat that was produced in this Experiment (a 
quantity which actually raifed the temperature. of 
above 113lb. of gun-metal at leaft 70 degrees of 
FanreENuEIT’s thermometer, and which, of courfe, 
would have been capable of melting 63lb. of ice, 
or of caufing near slb. of ice-cold water to boil) 

could 
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could have been furnifhed by fo inconfiderable a 
quantity of mietallic duft? and this merely in con. 
fequence of @ change of its capacity for Heat ? 

As the weight of this duft (837 grains Troy) 
amounted to no more than z},th part of that of 
the cylinder, it muft have loft no lefs than g48 de- 
grees of Heat, to have been able to have raifed the 
temperature of the cylinder 1 degree; and confe- 
quently it muft have given off 66360 degrees of 
Heat, to have produced the effects which were 
actually found to have been produced in the Ex- 
periment ! 

But, without infifting on the improbability of 
this fuppofition, we have only to recolleét, that 
from the refults of a€tual and decifive Experiments, 
made for the exprefs purpofe of afcertaining that 
faét, the capacity for Heat, of the metal of which 
great guns are caft, is not fenfibly changed by being 
reduced to the form of metallic chips, in the ope- 
ration of boring cannon; and there does not feem 
to be any reafon to think that it can be much 
changed, if it be changed at all, in being reduced 
to much {maller pieces, by means of a borer that 
is lefs fharp. 

Tf the 2 Heat, or any confiderable part of it, were 
produced i in confequence of a change in the capa- 
city for Heat of a part of the metal of the cylinder, 
as fuch change could only be fuperficial, the cy- 
linder would by degrees be exhau/ted; or the quan- 
tities of Heat produced, in any given fhort fpace of 
time, would be found to diminifh gradually, in 

fucceflive 
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fucceffive Experiments. To find out if this really 

“happened or not, I repeated the laft-mentioned 
Experiment feveral times, with the utmoft care; 
but I did not difcover the fmalleft fign of exhauftion 
in the metal, notwithitanding the large qu&ntities 
of Heat actually given off. 

Finding fo much reafon to conclude, that the 
Heat generated in thefe Experiments, or excifed, as 1 
would rather choofe to exprefs it, was not fur- 
nithed at the expence of the latent Heat or combined 
caloric of the metal, I pufhed my inquiries a ftep 
farther, and endeavoured to find out whether the 
air did, or did not, contribute any thing in the 
generation of it. 


Experiment, N° 2. 


As the bore of the cylinder was cylindrical, and 
as the iron bar (m), to the end of which the 
blunt fteel bore: was fixed, was fquare, the air 
had free accefs to the infide of the bore, and even 
to the bottom of it, where the fri€tion took place 
by which the Heat was excited. 

As neither the metallic chips produced in the 
ordinary courfe of the operation of boring brafs 
cannon, nor the finer fcaly particles produced in 
the laft-mentioned Experiments by the friction of 
the blunt borer, fhowed any figns of calcination, I 
did not fee how the air could poffibly have been 
the caufe of the Heat that was produced ; but, in 
an inveftigation of this kind, I thought that no 
pains fhould be {pared to clear away the rubbifh, 

1 and 
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and leave the fubjeét as naked and open to infpec- 
tion as poffible. , 

In order, by one decifive Experiment, to deter- 
mine whether the air of the atmofphere had any 
part, or not, in the generation of the Heat, I con- 
trived to repeat. the Experiment, under circum- 
ftances in which it was evidently impoffible for it to 
produce any effe whatever. By means of a pifton 
exadtly fitted to the mouth of the bore of the cy- 
linder, through the middle of which pifton the 
fquare iron bar, to the end of which the blunt 
fteel borer was fixed, paffed in a fquare hole made 
perfectly air-tight, the accefs of the external air, tc 
the infide of the bore of the cylinder, was effec: 
tually prevented. (In Fig. 3. this pifton (p) is 
feen in its place; it is likewife fhown in Fig. 7 
and 8.). 

I did not find, however, by this Experiment, tiat 
the exclufion of the air diminifhed, in the fmalleft 
degree, the quantity of Heat excited by the fric- 
tion. 

There ftill remained one doubt, which, though 
it appeared to me to be fo flight as hardly to de- 
ferve any attention, I was however defirous to re- 
move. The pifton which clofed the mouth of the 
bore of the cylinder, in order that it might be air- 
tight, was fitted into it with fo much nicety, by 
means of its collars of leather, and preffed againft 
it with fo much force, that, notwith{tanding its 
being oiled, it occafioned a confiderable degree of 
friGtion, when the hollow cylinder was turned 

round 
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round its axis. Was not the Heat produced, or at’ 

Yeatt fome part of it, occafioned by this friftion of 
the pifton? and, as the external air had free accefs 
to the extremity of the bore, where it came in con- 
tact with the pifton, is it not poffible that this air 
may have had fome fhare in the generation of the 
Heat produced? 


Experiment, .N” 3. 

A quadrangular oblong deal box, (fee Fig. 4.) 
water-tight, 114 Englifh inches long, 9 inches 
wide, and 9g ,*, inches deep, (meafured in the clear,) 
being provided, with holes or flits in the middle of 
each of its ends, jult large enough to receive, the 
one, the fquare iron rod to the end of which the 
blunt fteel borer was faftened, the other, the fmall 
cylindrical neck which joined the hollow cylinder 
to the cannon; when this box (which was oc- 
cafonally clofed above, hy a wooden cover or lid 
moving on hinges) was put into its place; that is 
to fay, when, by means of the two vertical open- 
ings or flits in its two ends, (the upper parts of 
which openings were occafionally clofed, by means 
of narrow pieces of wood fliding in vertical grooves,) 
the box (g, 4, i, k, Fig. 3.) was fixed to the ma+ 
chinery, in fuch a manner that its bottom (i, &,) 
being in the plane of the horizon, its axis coincided 
with the axis of the hollow metallic cylinder ; it is 
evident, from the defcription, that the hollow me- 
tallic cylinder would cccupy the middle of the box, 
without touching it on either fide (as it is repre. 

Sented 
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fented in Fig. 3.) ; and that, on pouring water into 
the box, and filing it to the brim, the cylinder 
would be completely covered, and furrounded on 
every fide, by that fluid. And farther, as the box 
was held faft by the ftrong fquare iron rod (m), 
which paffed, in a /guare hole, in the centre of one 
of its ends, (a, Fig. 4.) while the round or cylindri- 
cal neck, which joined the hollow cylinder to the 
end of the cannon, could turn round freely on its axis 
_ in the round hole in the centre of the other end of 
it, it is evident that the machinery could be put in 
motion, without the leaft danger of forcing the 
box out of its place, throwing the water out of it, 
or deranging any part of the apparatus. 

Every thing being ready, I proceeded to make the 
Experiment I had projected, in the following manner: 

The hollow cylinder having been previoufly 
cleaned out, and the infide of its bore wiped with 
a clean towel till it was quite dry, the fquare jron 
bar, with the blunt fteel borer fixed to the end of 
it, was put into its place; the mouth of the bore 
of the cylinder being clofed at the fame time, by 
means of the circular pifton, through the centre of 
which the iron bar pafled. 

‘This beirig done, the box was put in its place, 
and the joinings of the iron rod, and of the neck 
of the cylinder, with the two ends of the box, 
having been made water-tight, by means of collars 
of oiled leather, the box was filled with cold water, 
(viz. at the temperature of 60°,) and the machine 
‘was put in motion, 


The 
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‘The refult of this beautiful Experiment was very 
firiking, and the pleafure it afforded me amply re- 
paid me for all the trouble I had had, in con. 
triving and arranging the complicated machinery 
ufed in making it. 

The cylinder, revolving at the tate of about 32 
times ih a minute, had been in motion but a fhort 
time, when I perceived, by putting my hand into 
the water, and touching the outfide of the cy- 
linder, that Heat was generated ; and it was not 
long before the water which furrounded the cys 
linder began to be fenfibly warm. 

At the end of 1 hour I found, by plunging a 
thermometer into the water in the box, (the quan- 
tity of which Suid amounted to 18.77 1b. Avoir- 
dupois, or 2 wine gallons,) that its temperature 
had been raifed no lefs than 47 degrees; being 
now 107° of FanRENzHEIT’s feale. 

‘When 30 minutes more had elapfed, or 1 hour 
and 30 minutes after the machinery lad heen 
put in motion, the Heat of the water in the box 
was 142° 

At the end of 2 hours, reckoning from the be- 
ginning of the Experiment, the temperature of the 
water was found to be raifed to 178°. 

At 2 hours 20 minutes it was at 200°; and at 
2 hours 30 minutes it acTUALLY BoILED! 

It would be difficult to defcribe the furprife 
and aftonifhment expreffed in the countenances of 

VoL. I. LL the 
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the by-ftanders, on feeing fo large a quannty of 
cold water heated, and actually made to boil, 
without any fire. 

Though there was, in fact, nothing that could 
juftly be confidered as furprifing in this event, yet 
I acknowledge fairly that it afforded me a degree 
of childifh pleafure, which, were I ambitious of 
the reputation of a grave philofopher, 1 ought moft 
certainly rather to hide than to difcover. 

The quantity of Heat excited and accumulated 
in this Experiment was very confiderable ; for, 
not only the water in the box, but alfo the box 
itfelf, (which weighed 15} Jb.) and the hollow me- 
tallic cylinder, and that part of the iron bar 
which, being fituated within the cavity of the box, 
was immerfed in the water, were heated 150 de- 
grees of Faurennezit’s feale; viz. from 60° 
(which was the temperature of the water, and of 
the machinery, at the beginning of the Experi- 
ment) to 210°, the Heat of boiling water at 
Munich, 


The total quantity of Heat generated may be 
eftimated with fome confiderable degree of pre- 
cifion, as follows : 
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Of the Heat excited Quantity of ice-cold water whichy 
there appears to have rah ac evan to 
been aétually accumu- gress, or made to boil. : 
lated, In Avoirdupais weight, 

In the water contained in 
the wooden box, 18: Ib. 

Avoirdupois, heated 150 de~ 
grees, namely, from 60° to be 
210 FP, = ee 1G 

In 113.131b. of gun-metal, (the hol- 
low cylinaer,) heated 150 degrees; and, 
as the capacity for Heat of this #hetal is to 
that of water as 0.1100 to 1.0000, this 
quantity of Heat would have heated 123 1b. 
of water the fame number of degrees = 10.37 

In 36.75 cubic inches of iron, (being 
that part of the iron bar to which the 
borer was fixed which entered the box,) 
heated-150 degrees; which may be 
reckoned equal in capacity for Heat to 
1.21]b. of water - - - = Ln 

N. B. No eftimate is here made of the 
Heat accumulated in the wooden box, nor 
of that difperfed during the Experiment. 

Total quantity of ice-cold water which, 
with the Heat actually generated by fric- 
tion, and accumulated in 2 hours and 30 
minutes, might have been heated 180 dee = —_. 
grees, or made to boil - - -~ 26.58 
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From the knowledge of the quantity of Heat 
atually produced in the foregoing Experiment, 
and of the time in which it was generated, we are 
enabled to afcertain the velocity of its production, 
and to determine how large a fire muft have been, 
or how much fuel muft have been confumed, in 
order that, in burning equably, it fhould have 
produced by combuftion the fame quantity of Heat 
in the fame time. 


In one of Dr. Crawrorn’s Experiments, (fee 
his Treatife on Heat, p. 321,) 37 Ibe 7 0z. Troy, 
= 181920 grains, of water, were heated 2,', de- 
grees of FaHrenHeit’s thermometer, with the Heat 
generated in the combuftion of 26 grains of wax. 
This gives 382032 grains of water heated 1 degree 
with 26 grains of wax; or 146933 grains of 
water heated 1 degree, or *¥223 = 81.631 grains 
heated 180 degrees, with the Heat generated in the 
combutftion of 1 grain of wax. 

The quantity of ice-cold water which might 
have been heated 180 degrees, with the Heat ge- 
nerated by fri€tion in the before-mentioned Ex- 
periment, was found to be 26.58 Ib. Avoirdupois, 
= 188060 grains; and, as 81.631 grains of ice- 
cold water require the Heat generated in the com- 
buftion of 1 grain of wax, to heat it 180 degrees, 
the former quantity of ice-cold water, namely 
188060 grains, would require the combuftion of 
no lefs than 2303.8 grains (=4,*, oz. Troy) of wax, 
to heat it 180 degrees, 


As 
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As the Experiment (N° 3) in which the given 
quantity of Heat was generated by friction, lafted 
2 hours and 30 minutes, = 150 minutes, it is 
neceffary, for the purpofe of afcertaining how 
many wax-candles of any given fize muft burn to- 
gether, in order that in the combuftion of them 
the given quantity of Heat may be generated in the 
given time, and confequently with the fame celerity 
as that with which the Heat was generated by 
fri€tion in the Experiment, that the fize of the 
candles fhould be determined, and the quantity of 
wax confumed in a given time by each candle, in 
burning equably, fhould be known. 

Now I found by an Experiment, made on pur- 
, pofe to finifh thefe computations, that when a good 
wax-candle, of a moderate fize, of an inch in dia- 
meter, burns with a clear flame, juit 49 grains of 
wax are confumed in 30 minutes. Hence it ap- 
pears, that 243 grains of wax would be confumed 
by fach a candle in 150 minutes; and that, to 
burn the quantity of wax (= 2303.8 grains) ne- 
ceffary to produce the quantity of Heat actually 
obtained by friction in the Experiment in queftion, 
and in the given time, (150 minutes,) nine candles, 
burning at once, would not be fufficient ; for 9 
multiplied into 245 (the number of grains con- 
fumed by each candle in 150 minutes) amounts to 
no more than 2205 grains; whereas the quantity 
of wax neceflary to be burnt, in order to produce 
the given quantity of Heat, was found to be 
2303.8 grains, 

BE 3 From 
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«From the refult of thefe computations iv appears, 
that the quantity of Heat produced equably, or in 
a continual ftream, (if I may ufe that expreffion,) 
by the friction of the blunt fteel borer againft the 
bottom of the hollow metallic cylinder, in the 
Experiment under confideration, was greater than 
that produced equably in the combuition of nine 
wax-candles, each 3 of an inch in diameter, all 
burning together, or at the fame time, with clear 
brigly flames. 

As the machinery ufed in this Experiment coufd 
eafily be catried round by the force of one horfe, 
(though, to render the work lighter, two horfes 
were actually employed in doing it,) thefe compu- 
tations fhow further how large a quantity of Heat 
might be produced, by proper mechanical con~ 
trivance, merely by the ftrength of a horfe, with- 
out either fire, light, combuftion, or chemical de- 
compofition ; and, ina cafe of neceffity, the Heat 
thus produced might be ufed in cooking viduals. 

But no circumftances can be imagined, in which 
this method of procuring Heat would not be dif- 
advantageous ; for,,more Heat might be obtained 
by ufing the fodder neceffary for the fupport of a 
horfe, as fuel. 

As foon as the laft-mentioned Experiment 
(N° 3.) was finifhed, the water in the wooden 
box was let off, and the box removed; and the 
borer being taken out of the cylinder, the fcaly 
metallic powder, which had been produced by 
the fri€tion of the borer againft the bottom of 

the 
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the cylinder, was collected, and, being carefully 
Asay was found to weigh 4145 grains, or 
bout 83.0z. ‘Troy. 

As this quantity was produced in 2? hours, this 
gives 824 grains for the quantity producedwn half 
an hour. 

In the firft Experiment, which lafted only half an 
aur, the quantity produced was 837 grains. 

In the Experiment N° 1. the quantity of Heat 
generated, in half an hour, was found to be equal 
to that which would be required to heat 5 lb. 
Avoirdupois of ice-cold water 180 degrees, or 
caufe it to boil. 

According to the refult of the Experiment 
N° 3. the Heat generated in half an hour would 
have caufed 5.31 1b. of ice-cold water to boil. 
But, in this laft-mentioned Experiment, the Heat 
generated being more effectually confined, lefs of 
it was loft; which accounts for the difference of 
the refelts of the two Experiments. 

"Jc remains for me to give an account of one 
Experiment more, which was made with this ap- 
paratus. I found by the Experiment N°1. how 
much Heat was generated when the air had free 
accefs to the metallic furfaces which were rubbed 
together. By the Experiment N° 2. I found 
that the quantity of Heat generated was not fen- 
fibly diminifhed when the free accefs of the air was 
prevented; and by the refult of N° 3. it ap- 
peared that the generation of the Heat was not 
prevented, or reterded, by keeping the apparatus 

LL 4 immerfed 
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immerfed in water. But as, in this lafU-mentioned 
Experiment, the water, though it Surrounded the 
hollow metallic cylinder on every fide, externally, 
was not fuffered to enter the cavity of its bore, 
(being prevented by the pifton,) and confequently 
did not come into contaét with the metallic furfates 
where the Heat was generated ; to fee what effects 
would be produced by giving the water free accefs 
to thefe furfaces, I now made the 


Experiment, N° 4. 


‘The pifton which clofed the end of the bore of 
the cylinder being removed, the blunt borer and 
the cylinder were once more put together ; and the 
box being fixed in its place, and filled with water, 
the machinery was again put in motion. 

There was nothing in the refult of this Experi. 
ment that renders it neceffary for me to be very 
particular in my account of it. Heat was gene- 
rated, as in the former Experiments, ands“to ail 
appearance, quite as rapidly ; and I have no doubt 
bet the water in the box would have been brought 
to boil, had the Experiment been continued as long 
as the laft. The only circumftance that furprifed 
me was, to find how little difference was occafioned 
in the noife made by the borer in rubbing againft 
the bottom of the -bore of the cylinder, by filling 
the bore with water. This noife, which was very 
grating to the ear, and fometimes almoft infup- 
portable, was, as nearly as 1 could judge of it, 
quite as loud, and as difagreeable, when the fur. 

a faces 
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faces rubbed together were wet with water, as 
When they were in contaét with air. 

By meditating on the refults of all thefe Expe- 
riments, we are naturally brought to that great 
queftion which has fo often been the fubject of 
fpéculation among philofophers ; namely, 

What is Heat ?—Is there any fuch thing as an 
igneous fluid?—Is there any thing that can with 
propriety be called caloric ? 

We have feen that a very confiderable quantity 
of Heat may" be excited in the Fri@ion of two me- 
tallic furfaces, and given off in a conftant ftream 
or flux, in all directions, without interruption or 
intermiffion, and without any figns of diminution 
or exhauftion. 

From whence came the Heat which was con- 
tinually given off in this manner, in the foregoing 
Fxperiments? Was it furnifhed by the fmall par- 
ticles of metal, detached from the larger folid 
mafles, wn their being rubbed together? This, as 
we have already feen, could not poflibly have been 
the cafe. 

Was it furnifhed by the air? This could not 
have been the cafe; for, in three of the Experi- 
ments, the machinery being kept immerfed in 
water, the accefs of the air of the atmofphere was 
completely prevented. 

Was it furnifhed by the water which furrounded 
the machinery? That this could not have been the 
cafe is evident : fir/?, becaufe this water was con- 
tinually receiving Heat from the machinery, and 

could 
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could not, at the fame time, be grving to, and re 
ceiving Heat from, the fame body; and /écondlyf 
becaufe there was no chemical decompofition of 
any part of this water. Had any fuch decompofi- 
tion taken place, (which indeed could not reafon- 
ably have been expeéted,) one of its component 
elaftic fluids (moft probably inflammable air) mutt, 
at the fame time, have been fet at liberty, and, in 
making its efcape into the atmofphere, would have 
been deteéted; but though I frequently examined 
the water to fee if any air bubbles rofe up through 
it, and had even made preparations for catching 
them, in order to examine them, if any fhould 
appear, I could perceive none; nor was there any 
fign of decompofition of any kind whatever, or* 
other chemical procefs, going on in the water. 

Is it poffible that the Heat could have been 
fupplied by means of the iron bar to the end of 
which the blunt fteel borer was fixed? or r by. the 
{mall neck of gun-metal by which fire “hollow 
cylinder was united to the cannon? Thefe fuppo- 
fitions appear more improbable even than either of 
thofe before mentioned ; for Heat was continually 
going off, or out of the machinery, by both thefe 
paflages, during the whole time the Experiment 
lafted. 

And, in reafoning on this fubje&, we muft not 
“forget to confider that moft remarkable circum. 
fiance, that the fource of the Heat generated by 
friGtion, in thefe Experiments, appeared evidently 


to be inexhauflible. 
It 
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It is hardly neceffary to add, that any thing 

ich any in/ulated body, or fyftem of bodies, can 
continue to furnith without limitation, cannot pof- 
fibly be @ material fubfance : and it appears to me 
to be extremely difficult, if not quite impoffible, to 
form any diftin& idea of any thing, capable of 
being excited and communicated, in the manner 
the Heat was excited and communicated in thefe 
Experiments, except it be MoTION. 

Iam very far from pretending to know how, or 
by what means, or mechanical contrivance, that 
particular kind-of motion in bodies, which has 
been fuppofed to conftitute Heat, is excited, con- 
tinued, and propagated, and I fhall not prefume to 
trouble the Society with mere conjectures ; par« 
ticularly on a iubjeét which, during fo many thou- 
fand years, the moft enlightened philofophers have 
endeavoured, but in vain, to comprehend. 

Bug, although the mechanifm of Heat fhould, in 
faét, be cue of thofe myfteries cf nature which 
are beyond the reach of human intelligence, this 
ought by no means to difcourage us, or even leffen 
our ardour, in our attempts to inveftigate the laws 
of its operations. How far can we advance in any 
of the paths which fcience has opened to us, be- 
fore we find ourfelves enveloped in thofe thick 
mifts which, on every fide, bound the horizon of 
the human intellect? But how ample, and how 


interefting, is the field that is given us to ex- 
plore! 
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Nobody, furely, in his fober fenfes, has ever 
pretended to underftand the mechanifm of grari- 
tation; and yet what fublime difcoveries was our 
immortal NewrTon enabled to make, merely by 
the inveftigation of the laws of its aétion ! 

The effets produced in the world by the agency 
of Heat are probably jut as extenfive, and quite 
as important, as thofe which are owing to the 
tendency of the particles of matter towards each 
other 5 and there is no doubt but its operations 
are, in all cafes, determined oy laws equally im- 
mutable, 

Before I finith this Effay, I would beg leave to 
obferve, that although, in treating the fubjeé& I 
have endeavoured to inveftigate, I have made no 
mention of the names of thofe who have gone 
over the fame ground before me, nor of the fuc- 
cefs of their labours; this omiffion has not been 
owing to any want of refpeét for my predeceffors, 
but was merely to avoid prolixity, and to be more 
at liberty to purfue, without interruption, the na- 
tural train of my own ideas. 


Descrir- 
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DescriPTION of the FIGURES. 


Fig. 1 fhows the cannon ufed in the foregoing 
Experiments, in the ftate it was in when it tame 
from the foundry. 

Fig. 2 fhows the machinery ufed in the Exe 
periments N° 1 and N° 2. The cannon is feen 
fixed in the machine ufed for boring cannon. W 
is a firong iron bar, (which, to fave room in the 
drawing, is reprefented as broken off,) which bar, 
being united with machinery (not expreffed in the 
figure) that is carried round by horfes, caufes the 
cannon to turn round its axis. 

mis a ftrong iron bar, to the end of which the 
blunt borer is fixed; which, by being forced 
againft the bottom ‘of the bore of the fhort hollow 
cylinder that remains conne¢ted by a {mall cylindri- 
cal neck to the end of the cannon, is ufed in gene- 
rating Heat by friétion. 

Fig. 3 fhows, on an enlarged feale, the fame 
hollow cylinder that is reprefented on a {maller 
feale in the foregoing Figure. It is here feen con- 
nected with the wooden box (g, 4, i, &,) ufed in 
the Experiments N° 3 and N° 4. when this hol. 
low cylinder was immerfed in water. 

p, which is marked by dotted lines, is the pifton 
which clofed the end of the bore of the cylinder. 

n is the blunt borer fen fidewife. 

_ 4, é, is the fmall hole by which the thermo. 
meter was introduced, that was ufed for afcertain- 


ing 
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ing the Heat of the cylinder. To faye room in the 
drawing, the cannon is reprefented broken Bi 
Near its muzzle; and the iron bar, to which the 
blunt borer is fixed, is reprefented broken off 
at af: 

Fig. 4, is a perfpeftive view of the wooden box, 
a feGtion of which is feen in the foregoing Figure. 
(See g, 4, i, &, Fig. 3.) 

Fig. 5 and 6, reprefent the blunt borer 2, joined 
to the iron bar m, to which it was faftened. 

Fig. 7 and 8, reprefent the fame borer, with its 
iron bar, together with the pifton which, in the 
Experiments N° 2 and N° 3. was ufed to clofe 
the mouth of the hollow cylinder. 
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